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ABSTRACT

reduction and efficiency. However, the
dynamic behaviors of the oval shaped reed
valve have not been clarified so much(7).
This situation motivated the study described in this paper.

The purpose of this study is both theoretically and experimentally to clarify the
dynamic stress of a discharge reed valve
with oval shape, and to get fundamental
knowledge for the design of this type valve
and its related parts. The strain measurements were performed on the strain gauge
bonded on the surface of the oval shaped
reed valve. The stress and deformation of
the valve were also calculated by the
finite element method. These calculations
were carried out under various differential
pressures between the discharge plenum and
cylinder and under the wide range of drag
forces. Comparing the experimental results
with the analytical results, the deformation and stress of the discharge valve
with oval shape were revealed under various
compressor operating conditions. The design concept on this type valve and its related parts was also discussed.

In this study, therefore, the experimental
and analytical studies have been performed
on the oval shaped reed valve in order to
clarify the dynamic stress performances in
compressor operations. The strain measurements were carried out on the strain gauge
mounted on the valve surface over the wide
range of compressor operating conditions.
The results obtained showed that impact
stress was negligibly small for evaluating
the valve strength, and that it was adequate to calculate the valve stress statically. So, the deformation and stress of
the valve were statically calculated by
the finite element method. These calculations were performed during suction and
discharge strokes. Through those studies,
the behaviors of the discharge valve with
oval shape were revealed, and its design
concept was clarified.

1. INTRODUCTION
The trend of refrigeration compressor toward higher and higher reliability and efficiency continually presents the designer
with new and ever more intractable problems.
Among those, there are the behavior and
strength of the valves which govern the efficiency and performance of a compressor.
Many researchers(l)~(6) have conducted a
lot of studies which can solve fundamental
problems related to the valve and can
evaluate its design, thus eliminating the
time and expense involved in the construction and bench-testing of model.
Through those studies, a satisfactory mathematical model and means of simulation have
been obtained. However, most of them have
been carried out on the leaf-type valve.
Recently, an oval shaped reed valve is
widely getting employed in the refrigeration compressor for use of low temperature
applications. The major reason of this
tendency is the severe demands for noise

2. TEST EQUIPMENT AND TEST PROCEDURE
2.1 Test Equipment
The configuration of the discharge valve
and its related parts is explodedly shown
in Fig. 1. As can be seen in Fig. 1, the
oval shaped reed valve was used in this
test. The valve stop was constituted with
the arch at the center portion and the
straight at both ends. The radius and rise
of the arch were determined from the view
point of the valve strength. The valve was
sandwiched between the valve plate and
valve stop at both ends. A certain spring
force was applied to the valve by two
springs which were held with two pins.
In this test, two-element rosette was used
for stress measurements. It was bonded on
the valve surface on the valve stop side
and was located at the valve center. The
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Finite element idealization
for a quadrant of valve.

Fig. 4 shows the cross sectional view of
the valve deformation and the mathematica l
model for stress analysis during suction
stroke. As can be seen in Fig. 4, the
valve is sandwiched between the valve plate
and valve stop at both ends subjected to a
certain spring force. When the lateral
uniform load of p applies to the center
portion within radial distance r, the valve
deforms as supported at the periphery of
the discharge port. The valve deflection
at both ends seems to be negligibly small
because the valve was sandwiched between
the valve plate and valve stop at these
portions. The assumptions were made in
this analysis, therefore, that the valve
deflection at these portions were restricted to zero but the valve were movable
to the longitudinal direction.

The outputs of the finite element computer
program included the deformation and stress
in the x and y directions for each node.
These outputs were plotted on the sheets by
the plotter. That is, the outputs of the
deformation were plotted with the overall
view of the three dimensional model for a
quadrant of the valve, and the outputs of
the stress were plotted with the contour
plots of stress intensity for the plane
stress.
4. EXPERIMENTAL RESULTS
Fig. 6 shows a typical record of the strain
variations under the suction pressure of
12.3 kg/cm 2 and the discharge pressure of
1.1 kg/cm 2 • During expansion, suction, and
compression strokes, the strains in both
the x and y directions are compression and
are almost same amplitude. During discharge stroke, the strain in the x direction is also comparativel y large tension,
but that in the y direction is negligibly
small.
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Cross sectional view of valve
deformation and mathematica l
model for stress analysis
during suction stroke.
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Fig. 5 shows the schematic diagram of the
valve deformation and the mathematica l
model for stress analysis during discharge
stroke. When the lateral uniform load of
p applies to the center portion of the
valve within radial distance r, the valve
deforms as supported at both ends of the
valve and subjected to the external force
F = ko + Fo correspondin g to the valve deflection at point A, where k, Fo, and o are
spring constant, initial spring force, and
deflection of the valve at point A, respectively. Therefore, the assumption was
made that the valve was simply supported at
both ends. The stress calculation was performed changing the drag force until the
valve touched the valve stop.

A
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Cross sectional view of valve
deformation and mathematica l
model for stress analysis
during discharge stroke.
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Strain vs. time
Suction pressure:
1.1 kg/cm 2
Discharge pressure: 12.3 kg/cm 2
Sweep time:
5 ms/div.

Fig. 7 shows another typical record of the
strain variations when the discharge
pressure got increased from 12.3 kg/cm 2 to
15.8 kg/cm 2 , and the suction pressure got
kept the same level as shown in Fig. 6.
comparing Fig. 7 with Fig. 6, the strain
amplitudes in the x and y directions increase with increasing discharge pressure
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during expans ion, suctio n, and compre ssion
stroke s. Howeve r, the strain amplit udes
during discha rge stroke _are almost same
even if the suctio n pressu re increa ses.
This seems to illust rate that the strain s
during expans ion, suctio n, and compre ssion
stroke s are ruled with the pressu re differ ence betwee n the discha rge plenum and
cylind er, and that the strain s during discharge stroke depend on the valve deformation restric ted by the valve stop.

view point of bendin g fatigu e, the oval
shaped reed valve moves in more severe condition s in compar ison with the leaf-ty pe
reed valve in compre ssor operat ion, and
that the altern ating stress es must be taken
into consid eration for the design of the
oval shaped discha rge valve.
5. DISCUS SION
5.1 Stress during Suctio n Stroke
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Fig. 8 shows the strain variat ions of the
ed under
valve when the compre ssor is operat
2
the suctio n pressu re of 2.1 kg/cm2 and the
discha rge pressu re of 12.3 kg/cm • The
abscis sa of Fig. 8 is exagge rated 5 times
ones of Figs. 6 and 7. From this figure ,
no remark able impact stress is induce d in
the valve when it touche s the valve stop or
valve seat .
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Fig. 9 shows the relatio nship betwee n the
strain s in the x and y direct ions and the
pressu re differe nce betwee n the discha rge
plenum and cylind er. The plots shown with
marks -o- and -•- were obtain ed from the
static test below the pressu re differe nce
of 8 kg/cm 2 , and the plots shown with marks
o and • were obtain ed from the test under
It is
compre ssor operat ing condit ions.
clear from Fig. 9 that the plots obtain ed
from the test under compre ssor operat ing
condit ions are locate d on the lines extend This
ing the plots for the static test.
two
from
ed
obtain
s
strain
the
that
means
tests are produc ed in accord ance with the
same mechan ism, and that the static test is
succes sful to simula te the strain of the
valve during suctio n stroke in compre ssor
operat ing condit ion.
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Many previo us researchersC1)~(6) have performed the strain measur ements on the leaftype reed valve, and have reveal ed that the
strain variat ions of these type valves are
fluctu ation. Howev er, i t is clear from
Figs. 6 and 7 that the strain variat ions of
the valve used in this test are altern ation
of tensil e and compre ssive stress es. This
phenom ena is the domina nt differe nce between the strain variat ions of the leaftype reed valve and oval shaped reed valve.
This leads to the conclu sion that from the

2
differen_ce ( kg/cm l

Relati onship betwee n strain s in
x and y direct ions and pressu re
differe nce betwee n discha rge
plenum and cylind er.

From Fig. 9, the both lines seem to have a
knee below the differe ntia-l pressu re of
2
about 3.0 kg/cm • The cause of this phenomena is consid ered to be the warpin g of
the valve or the presen ce of a cleara nce
betwee n the valve_ and valve seat leadin g to
a change in the stress state. These
factor s may lead to da-nger ous abrupt aggravation of the stress if they are large.
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This result seems to mean the requireme nt
that the clearances between the valve and
the load-beari ng collar of the valve seat
should be as small as possible.
To eliminate the strain caused by the above
phenomena from the data shown in Fig. 9,
the test data are replotted with the pressure difference of above 3.0 kg/cm 2 • These
results are shown in Fig. 10 in comparison
with the analytica l results shown with the
solid and dotted lines. On the basis of
the good correlatio n between the results of
the analytica l and experimen tal values, the
analytica l result seems to have been quite
satisfacto ry from the stand point of having
achieved conditions described in the
section of stress analysis.
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Contour plots of stress intensity
of valve in x direction during
suction stroke.

( exp.l

0

:;t: dm~~;:t1on

•

1 dirBction ( ex.p l

-

'X. ditecrion (analytical)

---~

y d!rect10n (onalyticol)

"
~~-20~-~12u-4_---------------~L-----. ~~--~-x
( kg/mm2 )

Fig.l3
5

/0

15

Pressure difference (kg/ern" I

Fig.lO
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(2) Deformatio n and Stress Distributi on
Fig. 11 shows the output of the deformatio n
plotted with the overall view of three dimensional model for a quadrant of the valve.
Figs. 12 and 13 show the outputs of the
stress intensity in the x and y directions
for a quadrant of the valve, respective ly.
From Fig. 10, it is clear that the deformation of the valve is three dimension al at
the center portion, which takes place as

Fig.ll

Contour plots of stress intensity
of valve in y direction during
suction stroke.

"' with
Output of deformatio n plotted
overall view of three dimension al
model for a quadrant of valve during suction stroke.
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simply supported at the periphery of the
discharge port. Deviating away from it to
the x direction, the deformatio n of the
valve gradually changes to two dimension al
deformatio n in the plane contained in the
plane of the valve. As can be seen in
Figs. 12 and 13, the stress becomes maximum
at the valve center in both the x and y
directions . The stress in the x direction
becomes comparativ ely large in the vicinity
of the periphery of the discharge port, but
that in the y direction gradually decreases
with deviating away from the valve center.
Summing up these results, it is noticed
that the dominant strain which may effect
on the valve strength is produced at the
center of the valve during suction stroke,
and is caused by the pressure difference
between the discharge plenum and cylinder.
The presence of this phenomena has already
been predicted and discussed by the previous researchers(7)~(10), but they are
limited within qualitativ e discussion . Two
out of authors have also revealed the presence of this phenomena on the ring valve
in the previous paper(ll) from both experimental and analytica l points of view.
Through this study, the same phenomena has
also revealed on the oval shaped reed
valve, and it has made possible to estimate
quantitati vely the stress of the valve during suction stroke.

5.2 Deformation and Stress During
Discharge Stroke

conditions described in the section of
stress analysis.

(1) Comparison between Analytical and
Experimental Results

(2) Deformation and Stress Distribution

The purpose of the valve stop is to allow
the use of a more flexible valve while
preventing excessive strain by restricting
the maximum opening. The span and radius
of the valve stop of this type are
generally determined from the view point
of the valve strength. In order to make a
study of the valve dynamics, and to understand the effects of various design considerations on the valve strength, it is
necessary to determine under what loading
conditions the valve is striking the valve
stop and how much maximum stress is produced. This was accomplished most conveniently by finding the plateau level of
the maximum strain.
Fig. 14 shows the relationship between the
maximum strain and suction pressure as a
parameter of the discharge pressure. Fig.
14 also shows the calculated maximum strain
with the solid line. Below the suction
pressure of 2.0 kg/cm 2 , the maximum strain
tends to increase with increasing suction
pressure. Since the rate of gas flow increases with increasing suction pressure,
it seems that this region referes to conditions for no contact. Beyond the suction
pressure of 2.0 kg/cm 2 , as expected, the
maximum strain becomes the plateau level in
spite of increasing suction pressure. This
means that the valve motion is more restricted by the valve stop beyond the
suction pressure of 2.0 kg/cm 2 , and that
the strain signal could be a reliable indicator for valve contact.
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Fig. 15 shows the output of the deformation
plotted with the overall view of the three
dimensional model for a quadrant of the
valve. Figs. 16 and 17 show the outputs of
the stress intensity for a quadrant of the
valve in the x and y directions, respectively. These results are calculated
under unit pressure.

Fig.lS

Output of deformation plotted with
overall view of three dimensional
model for a quadrant of valve during discharge stroke.
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discharge stroke.
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Fig.l4 Maximum strain vs. suction pressure
during discharge stroke.
On the basis of the good correlation between the maximum strains of the analytical
and experimental values beyond the suction
pressure of 2.0 kg/cm 2 , the analytical result seems to have been quite satisfactory
from the stand point of having achieved
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Contour plots of stress intensity
of valve in y direction during
discharge stroke.

As can be seen in Fig. 15, two dimensional
deformation is observed in the valve during discharge stroke, that is, the valve
deforms like a beam simply supported at
both ends, admitting the refrigerant gas
into the discharge plenum. Figs. 16 and 17
show that the maximum stress in the x direction occurs at the valve center while
the stress in the y direction is comparatively small. This leads to the conclusion
that the valve stress during discharge
stroke is caused by the flexural deformation of the valve subjected to the drag
force.
Within this experiment, the stress during
discharge stroke is larger than that during
suction stroke. This means that the oval
shaped reed valve is subjected to mean
stress in addition to alternating stresses
in tension and compression. Since these
stresses seem to be the most significant
in affecting life prediction of this type
valve, it is considered desirable to take
them into consideratio n for the design of
the oval shaped reed valve.

plate is caused to be lower.
Fig. 18 shows the relationship between the
maximum stress and the ratio of the length
of the major axis to that of the minor
axis, keeping the discharge port area constant. As can be seen in Fig. 18, the
stress in the x direction gradually decreases with increasing the length of the
major axis and then reaches to a plateau
level. While the stress in the y direction
at first tends to increase slightly with
increasing the length of the major axis but
later becomes almost constant with it.
This means that the deformation of the
valve becomes to be ruled _with tlle only deformatioa in the y direction at the region
beyond a given length of the major axis.
5
- - x: direction
y direction

---

~-~- -----~-------------------§

5.3 Recommendat ion for Stress Reduction
As mentioned above, the stress during discharge stroke is ruled with the deformation
of the valve which is restricted by the
valve stop. The reduction in stress during
discharge stroke, therefore, may easily be
attained by determining the suitable shape
and dimension of the valve stop.
On the contrary, the stress during suction
stroke depends on the diameter of the discharge port. The stress reduction, therefore, is also attained by decreasing the
diameter of the discharge port. However,
this leads to increasing the resistance to
admit the refrigerant gas into the discharge plenum, following to reduction in
efficiency. To avoid this problem, another
way is considered, in which the multi ports
are located on the valve line of synmmetry.
However, with multi port design, gas flowing from the side of the port which is
adjacent to the other port is confined between, the valve and valve plate, and collides with the gas flowing from the other
port. This interaction of the gas flowing
from the two ports may reduce the flow rate
of refrigerant gas from both ports.In order to cope with this inconsistent
problem, an oval shaped discharge port is
developed of which the major axis is oriented to the direction of the valve line.
The area of this port is designed to be
equivalent to that of the multi port
so that compressor performance is not
affected. With the single discharge port
with oval shape, the gas expands transversely to the valve line between the valve
and valve plate. As a result, the pressure
of the gas between the valve and the valve
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Fig.lB

Relationship between stress
and ratio of length of major
axis to that of minor axis.

This result illustrates that if suitable
length of the minor axis is determined from
the view point of the valve strength,
larger effective flow area of the discharge
port could be expected, leading to higher
efficiency.
6. CONCLUSION
The results obtained from this investigation are as follows.
(1) The alternating stresses in tension and
compression are produced in the oval
shaped discharge valve during every
suction and discharge strokes. The
impact stress, however, is negligibly
small for evaluating the valve strength.
(2) The mean stress is also produced in the
valve due to difference between the
stresses during discharge and suction
strokes. In the design of this type
valve, therefore, it is considered desirable to take both alternating and
mean stresses into consideratio n.
(3) The stress during suction stroke is
caused by the flexural deformation of
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the valve subject ed to the pressur e
differe nce between the dischar ge plenum
and cylinde r. This str,ess depends on
such des.ign· parame ters as the diamete r
of the dischar ge port, the flexura l
stif:!3ne ss of the valve, and the external restric tion to the valve de.:Eorm ation at both end~.
(4) The stress during dischar ge stroke is
caused by the flexura l deform ation of
the valve subject ed to drag force.
This stress is ruled with such design
parame ters as the flexura l s-tiffne ss
of the valve, the valve l,engt-h, the
radius and height of the valve stop,
and the externa l re-stric tion to the
valve deforma tion at both, ends.
(5) Reducti on in stress during di:schar ge
stroke is easily attaine d by determining the suitabl e shape and'dim ension
of the valve stop.. Howeve r, reductio n•
in stress during suction stroke accompanies with some hard problem s such as
loss of gas flow area and i:nterac tion
of gas flow. 'ro cape with· this problem, the oval shaped dischar ge port
has been propose d in this paper.
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